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The present invention relates to parallel resistance beating cables, and in 
particular to a method suitable for, but not limited to, repairing failed parallel 
resistance heating cable including failed self regulating parallel resistance cable. The 
method can also be used to improve the manufacture of such cable. 

Heating cables fall into two general categories, that is parallel resistance types 
and series resistance types. Series resistance heuting cables typically comprise one or 
more longitudinally extending resistance wires embedded in insulation selected to 
withstand the operating temperatures of the cable. 

In parallel resistance cable types, generally two insulated conductors (known 
as buswires) extend longitudinally along the cable. A resistive heating element is in 
contact with both buswires. 

The parallel heating element typically takes one of two forms. The element 
may be a resistance heating wire spiralled around the conductors, with electrical 
connections being made alternatively at mterva s along the longitudinally extending 
conductors. This creates a series of short heating zones spaced apart along the length 
of the cable. The heating wire must be selective y insulated from the conductors, and 
also encased within an insulating sheath. 

Alternatively, the heating element may iake the form of an extruded matrix 
extending between, and in electrical contact witl, the two conductors. Often, semi- 
conductors are selected for the heating element that have a positive temperature 
coefficient Thus as the temperature of the ele nent increases, the resistance of the 
material electrically connected between the conductors increases, thereby reducing 
power output. Such heating cables, in which tie power output varies according to 
temperature, are said to be self-regulating or self-limiting. 

Figure 1 illustrates a typical parallel resistance sclf-regulating heating cable 2, 
The cable consists of a semi-conductive polymeric matrix 8 extruded around the two 
parallel conductors 4, 6, The matrix 8 serves afe the heating element. A polymeric 
insulator jacket 10 is then extruded over the matrix 8- Typically a conductive outer 
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braid 12 (e.g. a tinned copper braid) is added itor additional mechanical protection 
and/or use as an earth wire. Such a braid is topically covered by a thermoplastic 
overjacket 14 for additional mechanical and corrasive protection. 

Figure 2 is a schematic diagram indicate 
parallel resistance type cable 2 shown in Figure 



element 8 can be envisaged as effectively a seriei of resistors R connected in parallel 
between the two conductors 4, 6. In operatioij a voltage V s is applied across the 
conductors 4, 6, with the cable providing heat due to the subsequent ohrrxic heating of 
the heating element material 8. 

The most common failure mode of para! lie resistance self-regulating heaters is 
loss of, or reduction in, electrical contact between the power conductors and the 



heating element. For example, 
Ijiermal cycling may lead to such a 
reduction leads to electrical arcing 



extruded semi-conductive matrix forming the 
differential expansion of the components and 
failure or reduction in electrical contact. Such 
within the cable, and a consequent decrease in tHebnal output. The operational life of 
the product is thus dependant upon the bond between the conductors and the heating 
element. 

Clearly a key element in the production o 
is formed. This is done by matching as closely 



conductors and the molten semi-conductor during extrusion of the semi-conductor. 
The conductors are therefore pre-heated by an external heater to the melting 
temperature of the semi-conductor (typically 180°C - 200°C for low temperature self- 
regulating cables). Controlled cooling of the table (i.e. the conductors embedded 
within the extruded semi-conductive matrix) is then utilised to produce a good bond 

Deterioration of the bond between the healing element and the conductors can 
lead to either deterioration in the performance of i> cable (a reduction in power output 
of the heating cable), or in extreme cases, complete failure of the cable. In either 
instance, replacement of the cable may be required. This can be a relatively 
expensive and time consuming operation, partic ularly in large installations. For 
instance, if the cable is utilised to provide under ]loor heating, then the floor surface 
may need to be dug up. Alternatively, if the cablfe is utilised to keep pipes warm, then 
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the effective circuit provided by the 
1. In functional terms, the hearing 



the cable is in ensuring a good bond 
as possible the temperatures of the 
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allows plastic flow of the heating 



the additional thermal insulation layer that typically surrounds the pipe and the cable 
will also need to be removed 

It is an object of the present invention 
self-regulating or other extruded element, psrallel resistance heating cable that 
substantially obviates or mitigates one or more problems of the prior art, whether 
referred to herein or otherwise. 

According to a first aspect, the present invention provides a method of 
processing a parallel resistance heating cable, the cable comprising a heating element 
connected between at least two longitudinally 
comprising applying a current along at least o ie of said conductors, such that the 
surface temperature of the conductor is raised by ohmic heating to at least 
substantially the thermal transition point that 
element. 

This ohmic heating is used to improve tke bond between the conductors and 
the heating element. 

A current may be applied along each of said conductors so as to raise the 
surface temperature of each conductor to at least substantially the thermal transition 
point of the heating element. 

The method may comprise connecting said conductors in series prior to 
applying said current. 

The current may be applied so as to clevite the surface of said conductor to a 
temperature greater than the thermal transition point of the heating element. 

The current may be applied for a time per od of between 0.1 and 60 seconds. 

The method may further comprise the step of allowing the cable to cool to 
substantially ambient temperature after the application of said current. 

The method may further comprise the step of monitoring the integrity of the 
bond between the conductors and the heating element by determining the resistance 
between the conductors when at least two diffe-ent voltages are applied across the 
conductors. 

The method further comprising the step 6f determining that the performance 
of the heating cable is less than optimum. 

3 
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The method steps may be performed whilst the heating cable is located in situ 
in a heating arrangement. 

The current may be applied to heat said conductor during the manufacture of 
the heating cable. 

The heating element may comprise a semiconductor. 

The heating element may comprise a polymeric matrix. 

According to a second aspect, the present invention provides a heating cable 
processed by the above method. 

Embodiments of the present invention will now be described, by way of 
example only, with reference to the accompanying drawings, in which: 

Figure 1 is a partially cut away perspective view of a known self-regulating 
heating cable; 

Figure 2 is a schematic representation of the equivalent circuit provided by the 
heating cable of Figure 1 ; 

Figure 3 is a schematic representation of the equivalent circuit of the heating 
cable of Figure 1, modified in accordance with an embodiment of the present 
invention; and 

Figure 4 is a schematic representation of* the equivalent circuit of the heating 
cable of Figure I, modified in accordance with a further embodiment of the present 
invention. 

The present inventors have realised that it is possible to improve the bond 
between a conductor and the heating element in a parallel resistance heating cable by 
applying a current along the conductor. The current is utilised to raise the surface 
temperature of the conductor (i.e. the portion df the conductor in contact with the 
heating element) to a temperature (the thermal transition point) that allows plastic 
flow of the material of the beating element. Plastic flow is when the material 
undergoes a change due to the material flowing (moving) in some way. Typically, 
plastic flow will occur at a temperature less than the melting point. 

The portion of the heating element in contact with the conductor can thus 
move, allowing the bond between the conductor and the heating element to be 
reformed. Such a process can thus be utilised to repair heating cable that has a 

4 
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performance less than optimum i.e. if the cable has decreased in performance (the 
heat output at a predetermined voltage is less than desired) or failed. 

A particular advantage of this type of technique is that only access to the ends 
of the heating cable is required - thus heating cable can be repaired in situ, without 
having to remove the cable from its installation. 

Determination that the performance of the heating cable and/or that the bond 
between the heating element and at least one of the conductors is less than optimum 
may be realised in a number of ways, For instance, the heat output by the cable for a 
given voltage at a predetermined temperature niay be determined to have decreased. 
Alternatively, it may be realised that a length of the heating cable is outputting less 
heat than other areas (or indeed, no heat at all), potentially due to a local decrease in 
the bond between the heating element and at least one of the conductors. 

Alternatively, tests may be conducted that provide an indication of the 
condition of the bond between the heating element and the conductors. For instance, 
a measure may be made of the resistance between the conductors at a first voltage 
applied across the conductors, and at a second, different, voltage applied across the 
conductors. 

For example, a relatively low voltage (ag, 5 volts) may be applied across the 
two conductors, and the corresponding resistance Rpwsivc between the conductors 
measured. A second, higher voltage (e.g. the dperating voltage, such as 230 volts) 
may then be applied across the conductors, and the corresponding resistance R* crt ve 
between the conductors measured. 

The ratio Rpassive/Ractfve can be used as art indication of the bond between the 
heating element and the conductors. Acceptable values for the ratio will vary 
depending upon the voltages at which the resistances are measured, as well as the type 
of cable, and the application (including desired performance) of the cable. Typically, 
a ratio Rp^o/R^we in the range of 1 to 1.5 indicates the bond is acceptable, with 
larger values indicating that the bond is unsatisfactory. R^ms is normally smaller than 
Rpnssive, as at higher voltages arcing will occur acfoss poor connections, increasing the 
current flow and thus decreasing the apparent resistance. 
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Figure 3 illustrates how the heating cable may be arranged to be processed in 
accordance with an embodiment of the present invention. Figure 3 illustrates the 
modified effective functional circuit of the heating cable. The circuit is generally 
similar to the circuit illustrated in Figure 2, with the addition of a conductor 12 
connecting the two power conductors 4, 6. The conductor 12 is utilised to connect an 
end of a power conductor 4 to a respective end of the other power conductor 6, such 
that the two power conductors arc in series. A current i hMt is then applied along the 
two power conductors 4, 6. The current ih Mt cari be conveniently applied by applying 
a voltage Vbcat across the unconnected ends of the power conductors 4, 6. As the 
conductors 4, 6, 12 have a relatively low resistance compared with the heating 
clement 8, the current i h <« will be relatively large. The current i h «t will thus act to 
momentarily heat the conductors 4, 6 to the desired temperature e.g. with the surface 
of the conductors 4, 6 reaching a temperature greater than the thermal transition point 
(e.g. the melting point) of the heating element in contact with the respective 
conductor. 

It will be appreciated that the precise voltages (and hence currents) applied to 
the conductors 4, 6 as well as the time periods for which the power is applied, will 
vary depending upon the length, cross section and materials. For instance, the 
current ihem may only need to be applied for a relatively short time period for a 
polyethylene matrix heating element e.g. 230 vfclts for between 0.1 and 60 seconds, 
and preferably less than 5 seconds. However, it will be appreciated that for other 
materials, other healing time periods and other voltages (e.g. ranging from between 
0.1 - 1000 volts) can be utilised. If desired, the magnitude of the heating current may 
be increased (or decreased) over a period of time. However, for most applications, it 
has been determined that a better bond is formed between the conductors and the 
heating element if a relatively high energy pulde is applied to the conductors for a 
brief period of time. 

The current has to be applied for a sufficient period of time and has to be of 
sufficient magnitude to heat the conductors 4, 6 so as to allow plastic flow of the 
contacting heating element 8, without substantially damaging the conductors, or 

6 
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indeed any other elements of the cable. For instance, the current may be applied so as 
to melt at least the contacting surface of the heating element 8. 

Subsequently, the heating cable is preferably allowed to cool, before being 
retested or operated. For instance, for a polyethylene matrix heating element, the 
cable is allowed to cool slowly to close to the artibient temperature before the cable is 
re-tested or operated. For some materials, it is desirable to control the rate at which 
the cable is cooled, so as to ensure the best possible bond between the heating element 
and the conductors. This controlled cooling may be formed in a number of ways. For 
instance, the hearing voltage V h «i (and hence the heating current) may be decreased 
over a period of time, in a predetermined manner (including both continuous and step 
functions, so as to control the rate at which the cable cools. Alternatively, the 
temperature of the surroundings of the cable may be controlled so as to control the 
rate at which the cable cools. For instance, if the cable is fixed to a pipe, then the 
temperature of the fluid along the pipe may be regulated so as to control the cooling 
rate of the cable. Alternatively, if the cable is embedded within a floor, then the 
temperature of the floor may be controlled. This cooling period allows a good bond to 
be formed between the heating element and conductors. 

In the above embodiment, the heating of the conductors 4, 6 has been 
described as a technique for improving the bond between the conductors and the 
heating element in a formed heating cable. However, the present inventors have 
realised that such a process can also be applied during the manufacture of the heating 
cable. During the manufacturing process, the heating element is typically extruded 
over the power conductors. In order to ensure a good bond between the conductors 
and the molten plastic during extrusion, the conductors are typically pre-heated to 
substantially the plastic melt temperature- Preferably the conductors are heated to be 
within 40°C or even within 10°C of the melt temperature, but more preferably to 
within 5°C, or even more preferably to within 1°C. Such heating is normally 
performed by an external heater. 

However, it has been realised that the above process of heating the conductors 
by applying a voltage to the conductors can be utilised as either the sole method of 
heating the conductors, or a supplementary method of heating the conductors to the 

7 
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desired temperature. This is particularly useful for manufacturing heating cables 
comprising heating elements which have a relatively high melt temperature. For 
instance fluoropolymers have a melt temperature of approximately 280°C, Using the 
conventional heating technique, it is often difficult to raise the conductors to a high 
enough temperature to match the extrudate temperature at the desired production 
speeds. However, the process in accordance with the embodiments of the present 
invention can be used as an aid to raise the temperature to the desired level, and hence 
produce an improved bond. The quality of the resulting bond can be tested as 
described above, by measuring the resistance between the cables at two different 
applied voltages. 

It will be appreciated that the above embodiments arc described by way of 
example only, and various other embodiments will be apparent to the skilled person. 

For instance, whilst the above embodiments have been described in which the 
heating cable comprises two parallel conductors, it will be equally appreciated that the 
present invention can be applied to heating cables comprising any number of 
conductors. 

Equally, whilst in the above embodiments, the conductors were connected in 
series prior to the heating current i hM i being applied to both conductors 4, 6, it will be 
appreciated that the heating current may be applied in other manners. For instance, if 
desired, the heating current could be applied to only one of the conductors within the 
heating cable. Alternatively, as illustrated in Figure 4, heating currents iheati and iheatt 
may be applied separately along each conductor 4, 6 e.g. by applying a respective 
voltage V hwe i r Vhe Bt 2 across the length of each conductor 4, 6. Such currents i hwUi w 
could be applied at the same time, or sequentially. It is envisaged that typically Vhcati 
■ Vhc«2. Such separate heating of the individual conductors is advantageous in 
allowing a lower power soutce to be used to provide the heating current. For 
instance, if the installation of cable is extremely long, then a relatively high power 
source may be required to provide the desired heating current if both the conductors 
are connected in series, with a relatively robust electrical connection required between 
the power source and the conductors. However, if the conductors are heated 
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separately, then a lower power source can be utilised with less stringent connection 
requirements between the conductors and the power source, 
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